We present results from multiwavelength observations of the BL Lacertae object 1ES 1741+196, including results in the very-high-energy γ-ray regime using the Very Energetic Radiation Imaging Telescope Array System (VERITAS). The VERITAS time-averaged spectrum, measured above 180 GeV, is well-modelled by a power law with a spectral index of 2.7 ± 0.7 stat ± 0.2 syst . The integral flux above 180 GeV is (3.9 ± 0.8 stat ± 1.0 syst ) × 10 −8 m −2 s −1 , corresponding to 1.6% of the Crab Nebula flux on average. The multiwavelength spectral energy distribution of the source suggests that 1ES 1741+196 is an extreme-high-frequency-peaked BL Lacertae object. The observations analysed in this paper extend over a period of six years, during which time no strong flares were observed in any band. This analysis is therefore one of the few characterizations of a blazar in a non-flaring state.
INTRODUCTION
BL Lacertae (BL Lac) objects constitute the majority of the population of extragalactic objects detected in the veryhigh-energy (VHE; >100 GeV) γ-ray band. They are characterized by a featureless optical spectrum and a doublehumped spectral energy distribution (SED) with a lowerenergy synchrotron peak and a higher-energy peak often attributed to inverse-Compton scattering. BL Lacs are further classified based on the location of their synchrotron peak as low-, intermediate-, or high-frequency-peaked (LBL, IBL, HBL) (Padovani et al. 1995) . The synchrotron peak of an HBL lies in the ultraviolet or X-ray range, whereas that of an LBL lies in the optical or infrared range. Due to its synchrotron peak above 1 keV, the γ-ray source 1ES 1741+196 is classified as an HBL (Nieppola et al. 2006) . The spectral energy distribution (SED) presented in this paper points to further classification as an extreme-HBL, as will be discussed in Section 4.
1ES 1741+196 was initially identified as a BL Lac by the Einstein "Slew Survey" (Perlman et al. 1996) . Data from this X-ray survey were used in conjunction with radio data to identify a number of BL Lacs by searching for radio and X-ray loud objects without strongly-identified emission lines. Further radio studies by Rector et al. (2003) clearly demonstrated the presence of a well-collimated jet, based on a VLBA map at 4.964 GHz. The source, 1ES 1741+196, was included in a multiwavelength (MWL), multi-blazar study by Giommi et al. (2012) that utilized data from Planck (microwave), the ROSAT All-Sky Survey Bright Source Catalog (soft X-ray), and Fermi -LAT (MeV-GeV γ-ray). The SED in their paper focuses on simultaneous Planck and Fermi -LAT observations that result in flux upper limits.
In the optical range, 1ES 1741+196 was extensively studied by Heidt et al. (1999) . Imaging studies of the host galaxy of 1ES 1741+196 and its two companion galaxies were performed using the Nordic Optical Telescope, and spectroscopic studies were performed at the Calar Alto 3.5m telescope. Optical imaging suggested that the host galaxy of 1ES 1741+196 is an elliptical galaxy flattened by tidal interactions with its two companion galaxies. A tidal tail was also ⋆ jlchrist@calpoly.edu † elisa.pueschel@ucd.ie observed between the two companion galaxies, indicating further interaction within the triplet. Measurements of the absorption spectrum indicated a redshift of z=0.084±0.001, consistent with Perlman et al. (1996) .
The source was detected by Fermi -LAT in the high-energy (HE; >10 MeV) γ-ray band, and was included in the 1FGL catalog under the name 1FGL J1744.2+1934 (Abdo et al. 2010) . It was more recently included in the 3LAC catalog as HBL 3FGL J1743.9+1934 (Ackermann et al. 2015) . The measured spectral index of Γ=1.777±0.108stat (Ackermann et al. 2015) indicates a source with a hard intrinsic energy spectrum that may extend well into the TeV range. This property, together with the distance to the source, makes 1ES 1741+196 an attractive candidate for studies of the extragalactic background light (EBL), as will be discussed in Section 4. Measurements of the energy spectrum above 100 GeV may be used to constrain EBL models, particularly in combination with spectral measurements of other hard-spectrum VHE blazars.
Gamma-ray emission from the BL Lac 1ES 1741+196 was first detected at VHE energies by the MAGIC collaboration (Berger et al. 2011) . Its discovery as a VHE-emitter was announced in 2011 following 60 hours of observation. MAGIC reported that the integral flux above 250 GeV corresponds to 0.8% of the Crab Nebula flux. This makes 1ES 1741+196 one of the weakest BL Lac objects detected by ground-based instruments to date.
In this paper we present a multiwavelength SED for 1ES 1741+196. This includes the first-measured VHE photon spectrum of this source, based on ∼30 hours of VERI-TAS observation, spread over six years. We performed analysis covering the optical to the VHE bands, using data from Super-LOTIS, Swift, Fermi -LAT and VERITAS. We compare the SED to a single-zone synchrotron-self-Compton (SSC) model with reasonable parameters. Additionally, we assess the variability of the source. This paper is organized as follows: VHE observations with the VERITAS detector are described in Section 2.1. Section 2.2 describes observations in the HE γ-ray band with Fermi -LAT (both contemporaneous with VERITAS observations and over the full Fermi -LAT data set). X-ray observations with Swift are discussed in Section 2.3. The c 2015 RAS multiwavelength SED modelling is presented in Section 3, followed by our discussion and conclusions in Sections 4 and 5.
OBSERVATIONS

VERITAS
The Very Energetic Radiation Imaging Telescope Array System (VERITAS) is an array of imaging atmospheric Cherenkov telescopes located at Fred Lawrence Whipple Observatory in southern Arizona (31
• 40 ′ N, 110
• 57 ′ W). VER-ITAS consists of four 12-m diameter telescopes of DaviesCotton design. Each telescope is instrumented with a 499 photomultiplier tube (PMT) camera. Each PMT has a field of view of 0.15
• , combining to a camera field of view of 3.5
• . The instrument is sensitive to VHE γ-rays between 85 GeV and 30 TeV. The energy resolution is about 20% and the angular resolution is about 0.1
• at 1 TeV (Holder et al. 2008; Park et al. 2015) .
VERITAS observations of 1ES 1741+196 were made between 19 April 2009 (MJD 54940) and 26 June 2014 (MJD 56834), resulting in a total dead-time-corrected exposure of ∼30 hours after removing data affected by poor weather or technical problems. The data-taking period encompasses two major changes in the configuration of the VERITAS array: in summer 2009, one of the telescopes was relocated to create a more symmetric array, and in summer 2012, the cameras were upgraded, enabling the array to operate at a lower energy threshold. All data used in this analysis were collected in "wobble" mode, meaning that the telescopes are pointed some small angle (0.5
• , in the case of this data set) away from the source location, allowing the signal and background regions to lie within the same field of view and to be observed simultaneously (Fomin et al. 1994) . The mean zenith angle of the observations was 18
• . The data were reduced by fitting the shower images in individual cameras with two-dimensional Gaussian functions (Christiansen et al. 2012) . The selection for separating γ-ray images from background cosmic-ray images was optimised using Crab Nebula data scaled to 1% of the standard signal strength. The γ-ray selection requirements result in an average energy threshold of about 180 GeV for the conditions under which the source was observed.
A circular area centred on the source position was used to define the signal region. The ring-background method was used to define the background region (Berge et al. 2007 ). The event counts in the signal and background regions were used, together with the ratio of the areas of the two regions (α=0.044), to calculate the source detection significance according to the prescription of Li and Ma (1983) . The observed source significance is 5.9σ, with a γ-ray rate of 0.073 ± 0.013 γ/minute and background cosmic-ray rate of 0.238 ± 0.002 events/minute.
The source position is determined using Gaussian fits in RA and DEC to a map of the excess events (Non -N off for the bending of the telescopes' optical support structures (Griffiths 2015) . Based on the reconstructed source position, we assign the source the name VER J1744+195. The reconstructed source position is consistent with the nominal position measured by Kovalev et al. (2007) . The distribution of the angular distance between the reconstructed arrival direction of the shower and the nominal source position is shown in Figure 1 . In this case, and the spectral analysis that follows, the background was determined using the reflected-region method (Berge et al. 2007 ). The source extension is consistent with emission by a pointlike source.
The VHE photon spectrum is consistent with a power law, as shown in Fig. 2 . The resulting χ 2 /N DOF of 0.03/1 indicates a fit probability of 86%. The spectrum is characterized by where the quoted errors are statistical. Based on extensive studies (Madhavan 2013) , the systematic uncertainty was found to be 25% on the flux normalization and 0.2 on the spectral index. The spectral points are tabulated in Table 1 . The measured integral flux above 180 GeV of (3.9 ± 0.8stat ± 1.0syst) × 10 −8 m −2 s −1 or 1.6 ± 0.5% of the Crab Nebula flux where the statistical and systematic uncertainty have been added in quadrature. This is marginally higher than but still consistent with the MAGIC value of 0.8% of the Crab Nebula flux (Berger et al. 2011) 
Fermi -LAT
To determine the Fermi-LAT spectrum of the source, we considered two time intervals: i) all LAT data collected since the start of the science mission in 2008 August until 2014 June (i.e. for 70 months of operation), and ii) time intervals contemporaneous with the VERITAS observations. We define contemporaneous observations as those made on the same date as VERITAS observations. The data were analysed using an official release of the Fermi ScienceTools (v9r34p1), Pass 7 instrument response functions and considering photons satisfying the SOURCE event selection. We exclude photons detected at instrument zenith angles greater than 100
• to avoid contamination from the Earth's limb, and data taken with the Earth within the LAT's field of view by requiring a rocking angle less than 52
• . The spectral analysis of each source is based on the maximum likelihood technique using the standard likelihood analysis software. In addition to diffuse background components (Galactic and isotropic) we included all point-like sources within 15
• of the source position as determined from the 2FGL catalog (Nolan et al. 2012 ) and residual Test-Statistic (TS) maps in the maximum likelihood fit.
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The spectral parameters resulting from our power-law 1 Residual hotspots with TS > 10 and less than 10 • away from the ROI center were included in the model. fit to the full 70-month data set are
where the quoted errors are statistical. The spectral index is consistent within statistical errors with the spectral index of 1.777±0.108 measured by Ackermann et al. (2015) . The test statistic (TS) (Mattox et al. 1996 ) is 103. Due to the low flux of the source, the contemporaneous data are only sufficient to produce a weak integral upper limit of 3.7 × 10
at the 95% confidence level above an energy threshold of 100 MeV. The TS is 7.3 for this upper limit. The light curve is shown in Fig. 3 in time bins of 75 days. Bins with a TS of less than 10 are plotted as upper limits. Significant flux variability is not observed, consistent with the low variability index of 38.3 measured by Ackermann et al. (2015) .
Swift-XRT
The X-ray emission from 1ES 1741+196 has been measured using the X-Ray-Telescope (XRT) on board the Swift satellite (Burrows et al. 2005; Gehrels et al. 2005) . We analysed all observations available on this target, from June 2007 to June 2013, for a total live-time of about 19 ks (see Table 2 for details). All observations have been taken using the XRT photon-counting mode. Data are reduced using HEASoft (version 6.14). Event files are produced using Swift default screening criteria, and images, light curves, and spectra are extracted (using XSelect, version 2.4b) from a circular region of radius equal to 20 and 50 pixels for the source and the background, respectively. The full Swift-XRT light curve of 1ES 1741+196 is plotted in Fig. 3 . Following the prescriptions of the Swift team, 2 the light curve has been corrected for the exposure and the background, and rebinned to ensure a minimum of 50 counts per bin. The count rates are between 0.1 and 0.6 counts/second, and could potentially be affected by pile-up. This effect has been investigated and it was concluded that no pile-up is present in the observations. There is clear variability in the X-ray data, with a mean fractional variability in the light curve of 27% (calculated according to the prescription of Vaughan et al. (2003) ).
We studied the X-ray spectrum of 1ES 1741+196 using XSpec (version 12.8.0). Given the source variability, we first investigated whether there is any spectral evolution by fitting individual XRT observations with a simple power-law model. Absorption by Galactic material is taken into account using the tbnew model, with NH = 6.86 × 10 20 cm −2 , as provided by Dickey and Lockman (1990) . We used response functions provided by the Swift team, and computed specific ancillary response files using xrtmkarf. Data below 0.3 keV are excluded from the analysis and the spectra have been rebinned, imposing a minimum of 30 counts per bin (to perform χ 2 minimization). The results of the power-law fits are provided in Table 2 . For two of the observations, the number of spectral bins is too small to perform a fit, 2 See http://www.swift.ac.uk/analysis/xrt/pileup.php and they have been disregarded. For the other 15 observations, the spectra are consistent with power-law emission, the worst fit showing a null hypothesis probability of 3.5%. Despite the flux variability, the X-ray emission of 1ES 1741+196 does not show significant spectral variability. A fit of the spectral index as a function of the flux is consistent with a constant value (χ 2 = 6.2/14), as shown in Fig. 4 . We investigated the average X-ray spectrum by adding all the XRT observations (using mathpha). The average spectrum is first fit with an absorbed power-law function, resulting in a photon index Γ = 1.76 ± 0.03 and normalisation K = (2.85 ± 0.07) × 10 −3 cm −2 s −1 keV −1 . There are large residuals for the single-component fit (χ 2 = 201/136), and the fit is significantly improved by using a brokenpower-law function that is physically motivated by rapid cooling of the highest energy electrons and slow cooling of the lower energy electrons. The best-fit parameters are Γ1 = 1.42 ± 0.11, Γ2 = 1.99 ± 0.08, E break = 1.20 ± 0.17 keV and K = (3.06 ± 0.13) × 10 −3 cm −2 s −1 keV −1 , with χ 2 = 150/134. An F-test indicates that the fit with a broken-power-law function is statistically preferred over a simple power-law model, with a null hypothesis probability of 3 × 10 −9 . We conclude from this that there is curvature in the spectrum and that the peak in the synchrotron emission is above 1.0 keV. In Fig. 5 , we plot the average XRT spectrum, corrected for Galactic absorption.
Swift-UVOT and Super-LOTIS
The UVOT telescope (Roming et al. 2005) on board the Swift satellite observes the same field as the XRT but in the optical and ultraviolet bands, providing simultaneous MWL observations. Six filters are available for UVOT observations: V and B in visible light, and U, UW1, UW2 and UM2 in ultraviolet. In general, for every XRT observation of 1ES 1741+196 there are UVOT images for every filter, however, in a few cases only a few filters were used (Observations 40639002/4/5/6/12). The data analysis was performed using uvotmaghist, estimating the source (background) flux from a circular region of 5 ′′ (15 ′′ ) radius. Data have been corrected for galactic absorption using EB−V =0.1 (a value in agreement with the NH value used in the X-ray analysis, following Jenkins and Savage 1974) . Optical observations of 1ES 1741+196 were also taken using the Super-LOTIS telescope (located at the Steward Observatory Kitt Peak site) with the R filter (Williams et al. 2008) . Observations were performed during 2012 June 13-15-16-18, quasi-simultaneously (i.e. on the same nights) with Swift.
In Fig. 3 we show the UVOT and Super-LOTIS lightcurves: 1ES 1741+196 is variable in both optical and ultraviolet. In Fig. 5 we show the average measurements. Because the variability range in every filter is larger than the statistical errors, we have used the absolute variability range for the error bars on the SED.
As discussed in the introduction, the host galaxy of 1ES 1741+196 is an interacting giant elliptical, and this complicates the subtraction of the host contribution. Although Heidt et al. (1999) provide the flux and the effective radius of the host, only the R filter is used. It is not possible to correctly estimate the host contribution in the other filters. The galaxy profile is not de Vaucouleurs-like, and star-forming regions may cause additional contamination. In Fig. 5 , we present the optical-UV data without attempting any host-galaxy subtraction. Consequently, the optical-UV flux points in Fig. 5 should be regarded as upper limits.
SED MODELLING
The spectral energy distribution of 1ES 1741+196 is shown in Fig. 5 . It includes the VERITAS and multiwavelength data presented in this work, as well as archival measurements. The SED is typical of high-frequency-peaked blazars, with two broad non-thermal components peaking in X-rays and γ-rays, respectively. In addition, there is a low energy thermal peak that is attributed to the host galaxy which is not modelled. In the VHE regime, the model is shown with and without EBL absorption. The model including EBL absorption utilizes the model of Franceschini et al. (2008) .
In the framework of the synchrotron-self-Compton (SSC) model, the first non-thermal component is due to synchrotron emission by leptons (electrons and positrons) in a blob of plasma in the relativistic jet, while the high-energy non-thermal component is due to inverse-Compton scattering between the leptons and their own synchrotron photon field. The free parameters of the model are the Doppler factor δ and the radius R of the emitting region (assumed spherical), the magnetic field B, and the parameters of the lepton energy distribution, which is assumed to be parametrized by a simple power-law distribution, characterized by the index α, the normalisation K (particle density in units of cm −3 ) and the minimum and maximum Lorentz factors γmin and γmax. The model used is the one described in Cerruti et al. (2013) .
The modelling of the SED is complicated by the fact that there is no simultaneous Fermi -LAT detection, and the γ-ray emission is measured only as an average flux state integrated over several observing seasons (while there is clear variability in the synchrotron component). In addition, the unusual host galaxy makes it difficult to extract the underlying non-thermal continuum in the optical/UV part of the spectrum. For these reasons we do not perform a fit of the SED. We present instead a single SSC model as an example, showing that the average emission is compatible with a one-zone SSC scenario, as for other HBLs detected by Cherenkov telescopes. We searched for SSC solutions which correctly describe the VERITAS data and the average Swift-XRT spectrum. We also used the Swift-UVOT and Super-LOTIS data as upper limits for the blazar emission. Although we do not explicitly model the average Fermi -LAT spectrum, the model is compatible with its spectral shape and underestimates the overall normalisation by only a factor of two. The average SED is well described assuming a Doppler factor δ = 20, a magnetic field B = 40 mG, a radius R = 1 × 10
16 cm, and a population of leptons with γ between γmin = 10 and γmax = 1×10 6 , with index α = 2.2 and normalisation K = 8000 cm −3 . The parameters of the SSC model are in agreement with the ones used for other VHE blazars (see e.g. Tavecchio et al. 2010; Zhang et al. 2014) .
The model presented here describes the average Swift-XRT emission, but can easily be fine-tuned to describe instead the minimum and maximum soft-X-ray spectra. This is accomplished by varying the normalisation K and the emitting region radius R, which changes the ratio between the synchrotron and the inverse-Compton components.
DISCUSSION
One of the most discussed topics in blazar physics is the so-called blazar sequence, an anti-correlation between the blazar synchrotron peak-frequency and luminosity (Fossati et al. 1998) . In this scenario, HBLs are the lowest luminosity blazars, but with the highest peak frequencies. A natural question arises: is the blazar sequence truncated at its low end, or are there even dimmer and higher-frequency-peaked blazars? In recent years, observations with Cherenkov telescopes have led to the discovery of extreme-HBLs, also called ultraHBLs (see Costamante et al. 2001; Bonnoli et al. 2015; Cerruti et al. 2015 , and references therein). The number of detected extreme-HBLs is not large. The BL Lac object 1ES 0229+200 can be considered the best example of this peculiar blazar sub-class, with a synchrotron peakfrequency at more than 10 keV (i.e. out of the range of soft-X-ray telescopes) and an intrinsic inverse-Compton peak-frequency at several TeV (see Aharonian et al. 2007a; Aliu et al. 2014 ). The source can be described with a onezone SSC model (Aliu et al. 2014 (Aharonian et al. 2006 ) and 1ES 1218+304 (Albert et al. 2006; Acciari et al. 2009 ).
The SED of 1ES 1741+196 is particularly interesting because it suggests that this VHE blazar may belong to the extreme-HBL class. The synchrotron peak-frequency is constrained by the average Swift-XRT spectrum, which is best-fit by a broken-power-law with Γ2 = 1.99 ± 0.08, E break = 1.20 ± 0.17 keV, indicating a synchrotron peakfrequency located above 1.0 keV. At the same time, the VERITAS spectrum corrected for EBL absorption is consistent with ΓV HE ∼ 2.3, indicating an inverse-Compton peak-frequency above 100 GeV. Further observations are needed to determine the peak locations precisely. Although the peak-frequency may not be as extreme as 1ES 0229+200, these lower limits are elevated compared to other wellstudied HBLs in their non-flaring states, such as Mrk 421 (Acciari et al. 2011a ), Mrk 501 (Acciari et al. 2011b ), or PKS 2155-304 (Aharonian et al. 2009) .
A further point of interest for this source is the lack of strong flares in the VHE band. The statistical uncertainties on the yearly flux points exceed the variation on the central values. Variability is therefore not ruled out, but strong flaring behaviour is not observed. The majority of blazars show substantial variability over yearly time scales or shorter in the HE and VHE bands. The detection of a blazar via a multi-year observing campaign, rather than a short period of observations during a flare, marks 1ES 1741+196 as an unusual source. Interestingly, three extreme-HBLs, 1ES 0347-121, RGB J0710+591, and 1ES 1101-232 are notable for their lack of detected variability in the VHE band. A deeper observing campaign would be necessary to determine whether 1ES 1741+196 exhibits the same behaviour.
Extreme-HBLs have also attracted interest because their spectra extend to high energies, making them particularly good probes for constraining the EBL (see e.g. Aharonian et al. 2007a ) and the intergalactic magnetic field (IGMF) (see e.g. Dermer et al. 2011) . With contemporaneous measurements of the inverse-Compton regime, 1ES 1741+196 would be an interesting candidate for EBL studies. However, due to the low flux of the source, accumulating enough γ-ray events to make a precise measurement of the spectrum for EBL constraints would require either a long observation window or observations during a period of elevated flux. This is highlighted by the F ermi-LAT light curve, which shows non-detections for many 75-day exposures. As a VERITAS measurement of the differential flux requires ∼30 hours, for useful contemporaneous γ-ray observations, VERITAS would need to collect on the order of 60 hours of observations during the single six month period that is likely to yield a F ermi-LAT detection. These challenging observing campaigns will be simpler for future instruments that are more sensitive, such as the Cherenkov Telescope Array (CTA).
CONCLUSIONS
We have presented the first VHE spectrum and MWL modelling of the SED for the BL Lac 1ES 1741+196. The blazar has a relatively hard spectrum, and the MWL SED is consistent with a simple one-zone SSC model. The source is relatively dim, at ∼1.6% of the Crab Nebula flux above 180 GeV, which makes simultaneous multiwavelength observations especially challenging. It is also located within a group of interacting galaxies, which makes the analysis of the hostgalaxy emissions difficult. Despite these difficulties, several uncommon characteristics make this blazar an interesting target. The synchrotron and inverse-Compton emissions are peaked at very high energies for an HBL, pointing to classification as an extreme-HBL. Additionally, the source does not show evidence for strong flares in any energy range. The source is potentially interesting for EBL studies and other cosmological measurements, but long exposures would be necessary for such studies, in light of the source's low γ-ray flux.
